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Basic strategy of bipedal walking of human and Japanese

macaques from the view point of joint synergy
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M, BWE(EOMERETEN R TICH U - B RREE & FIEES 2 885 C ki
X0, ihix ST BICES TWA. B BB TIEMUEL TR 2L 2 %4517
PRRCHNTARZETH D, TONEENT, KRBV E S I TR, AR
2 EDEERND 52T B L CGEYIZRHIEZ TV AR D, BRORELEBIIE S5
WS AISHIEBEHENLE T 5. SATEBOFIE A = XL ZRDZWMROHTTE, T
D& S IEISH B TREDPIER EN TS [1]. Fe, BATORIE A A = X LM E
X, EBIEE ORRE X 7 = X L ORFEREIFEAEDRIE, TRIESANOFEICE BN
%. 5L, B bOXIHEISHIBITEITA S TRy OBBNDISH ERETH 5.

2 DHHE, KOFWGERIZZNRZIHENTZTONHEL WD, RRTHS T &k
SENELHRITH D, KWEEREEZ5 LTINS Thid, 20 tHdFEiicE—y 3>
FyTFY VAT LERFEL, R LOMEMNTZ1T/5 520> 7 OEHY#H Bernstein
DEHETH S [2]. TN, EVOFRIIIEROME L ZNZ8hh T HiNEZ { i >
THH, TOEYOFFOIIEBHMBENRL IR R T HNOMS) 2 R KBTS T LI
B> TWBRTLZmMT 58D TH 5. #ISHNEATETICIE Bernstein DIEHG L 725
ROFRE, DEONEGHHEOFENEELERICKSLEZONS. LML, TD
EROFEFDHOHHBEZTET 5 2 LML, TOAREZWMICHIRT 20T
HBH. TORICDWT, Bernstein i&, [Z L 72BiR R IF EMEIC —E DAE Z 8 T DIC
OS5 T ZOMHHEICIZIISDEND S ) TeEFKA LKL, ZLTIOHRAICED
x, () EAROHEENIIFEIMLDODN TS HEZ S TRVELRH D, Fiz, (2) K
JRZEASO BN D HVELIC IS U T V) 7x i S8 S S iAo B g 2 FH U CTHRIGZICE | &
HUTWEEERLTWS 2] DX, XAVERICERELRA > b THiOREIC 35
DAEOIE B D EZIMZ % M O (FY—) DBMAET T e REH®T 5. b
NERDOEINC B 2FEMADN TV R EZ S TRVEDIEER, e MR EDKS
IR S THIEOTEHICHON TV AL EHMAFNND 525 E2 515, L hDSk
THBZER L TE S I ZFOBEHEICIZIEISDENRRENS. CDXH5EIESD
RICFEHUBIT 5 LT, b FWBMTHEDK S GREICERZA > TV A2 H %
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TEMTENE, DI R IS ZET U CHEISNZR B T 208l L TWha D, 5
WHZ B &, BT RIS B 2 DICHER LT E T THIEERRS (] 72 PR % ATREME D
H5.

TNE TOSITOMBNGIEICE T 2 EITHZE T, BHEDHROHE I - i3
MNELATbNTWVWA. BRI, A7y TECHESEN, 72—7 « LSO L5517
ISTA—=ZNHEB I XN F—ZEIMEI B XIICEIRENTVAR T ENRBEINTVS
[31[41[51[61[71[8] . T N5 DWFEII A TREB DI RHE AW T 3 )V F— 2K HZ B
VI K DFE—MICHIATE S22 Z2m L DTH S, —HT, EEDZENEN
OHEfiE ED X IIHEBES G TBITETR> TVEDON WS HMTOSRTHIZRIETh
EFTWKIFEAEIN T2, LAL, & FOFS XS BTl HERE O fRIE O /-
®IciE, TOX S PEHEEICH U THRICRN B > ) o — (B o) »neE
DEIIEHEINTE N EVSHEAD S DFGRDBETH 5. IEFETHONTVBHIZET
&, Ivanenko 5347 H DIFIBIHIINE 2 £ TS K o TR, K < 1B - BB oD 5l
IR WHBEAH B T EMHE LTV [9]. LA L, Ivanenko 5Df7-o 7z & 5 i E/ 5y
Wi AT 72 RO T2 A Tk, BTHICBISR & N 2 B ET O MBI MNEE U 72 B T ORI UL
MCHFGL TV RN ZHEET 2 L IIREETH 5. FOBKREBENONITBITHICHE
HENTVEh VS HRICTz o 7278 Tld, Scholz & Schoner & Bernstein DFZE L -
Uncontrolled Manifold (UCM) ORER [10] =AW IZRIZEMTHONTWS. FAEEEE1T
5L EEWZAVERICED 5 EHERE BHiAERLE) 32 OEATRICHET 5.
Z ORI F A T TIRIEZED 2 X 7 3E &V 5 Hsl R TIES ZhiA% UCM EFES. {3
ZUE, AR TH OB ZBEICB O TRAEZBIST L THEMBEICBL TENHEETH >
el 9%, ZONiEMREERT 2 MBEHAEOMAEDEIMES LK (UCM) Ric—
BOREIA NI L TN, —BHBICHIZRBNI TR > TV TE, NEGSKREBEE
HHT AT TRAMBEBOREXSDZTEZIMASNTWVWAEEAS. TDLI7%, HHTS
UCM i &t OB BT % K 5 7 B O M 2 AR T 13 B >
FI—ESE TS, BRSO —IcEH UM TIC BT 2817028 T, Black 51
EHOMHIME Y F Y —IC & D B O EEROMEPEOMIED 5 EDIESDEMNZ
ENTVWAT EZEMELTWVS [11]. F/z, Papi SIS F Y —ic Xk b yrfirho
BEOMIED—HTEDIESDEMIZ SN TNAB T ERBMELTWVS [12]. D DILT
WFZEClE, B OB O AR LT TH o 7=y, #EHICRE 53570 &
DK 2 /s BT S F V=D EN TV SO ZHLMNICT 5T & T, EHS O
WITLRECEE R RA Y N RS ENTES. T, Krishnan 5 Rosenblatt 5 &
HATHRO A DO 72 J 9 % B OIS F =D Tn 2 T & 2l LT
% [13][14]. NSO TIE, VPO OME - JRiES XD e s, K
RO EE) 2 EE L WM S Y= LIz DTH -7z, L L, VEATH-
TR ZRERICEIN T T L I3WRETH S, T D=0, WREAHIZEZME Ui 7



V7T AT L HETHB. T, WOLELEOMEOMMICE, DE T E i
B ELE A TR IR B LT, MBI U CRANEERET AT L L EETH
%. IRBEENCHTY 2 BeMEICEE U, BT oRBERIC W TIRBIETICNd 5 27D
fif s Y —ICEB Uit 2175 C & T, BTHIIR 2485 | CHERELFHMN 0 HE
bNBEEZIBENS.

t FOBITHIS Z IS ST % T, € RAEWELOMBETED X 5 & B iTicHE
U Tz SRR & RIS 2 HEf g 5 T 2ic K D, BHED X 5 BRI E B2 RBIT 5%
ICESTehERAT S EEMTHS. UL, ZOMEIEOBRICEIZEDLS K%
(N BT OBBRICER TH oD, t hDEREPBI TR DOV TS 2T
MR35 L IXR#ETHS. HDDEHZONE TIIEDEWZHAH U7 E&)H|H A 4
ZALDOMAENED SNTWS [15]. BRNFZOZET T, JIBIC K > T2
BLIEZAR U PINCIERL, ZOEPGHERRICIT H17/32 =2 [15][16] REBDE(L%
FHMDICLT, b b OMiatshhE ORRER SR Z RS LM TON T E 7 [17]18]. &
Slc=R )b e b DR TIC BT B HIEHKIE OIE ACCHERZH S T LM TEN
X, TRESBITRELOREE TER T S L TEELHIEORA > NI TH - Teh S L
TORBERTHND LIRS,

FRINCEESITZ2ITS R PV, ARic & b BRI B8 126t %5 T LMW T
35 K910 [16], EEMEEAZEE L BT A @GN AST2RT [19]. £
T, R YPIVIETRSBIT2IENS T % fE TRBIETO MR 2 & O MRAI T T 2175 X
IIC/x%. TORR e McHBNS X ST, WHINCHZMIET % C & TZHHEA LR
TFOXSICHH I HBE ST S [16]. 51, Ogihara 5%, =R YLD - EHTIC
BWTE Ivanenko 5HE S DFHAFICBNTHE LIz X 5 &% « I - BEEEHIOMENR S
NZTEeZMEL TS, TOXIIS, ZHRPIVZIIBRIC K b e s D57 & PRz
R EIICED. LML, =RV BHllzTT> Th e MO K 5 IR Z @
JELO, BEEizeeIicMELRD, EZRICHEM LD 35 LIEFHEEOf LT
RV [15][20]. ZD7e®, b FABTHICMHEH] L T 2 H % ORiS i & U BRI
BEEMEER L [21], £ MCRSNBZ WL OhDHBEENMEZ 72>, R WIL e b hDBfT
DENZT DX S BHBERRIC K ZENDRTEL, HRERIC K B HIETEOE NI
TEHABENEH S, DRIV O BB TR S B Y —EfT 52 LT
b b EABRDFTHE TR VOB THIENIS 2R D, £z, ZTORREZE - OHIENNE
C IS % T & T MAYE(LOEFE THER U BTN E D X 5 Ikt Oh
ETHIENTESHEEZS. TIT, AMATEMEIRS FY—DEHAMNS E DR
IV D ISR 2 Fig U, ISR 7ZE e M T 21T 5 L THE R TR T Oy
B EZEMNE L.

AFX T, B2 ETE Mgl LBER Y F V—DOHEBAIC K 5B 3y ZFHN
FRERICOWTIRNS. 3BTRS, R P)lenfge LB/ Y Y — 08K
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The line, broken and chain lines show hip, knee and ankle angle of 25 steps of a subject
during walking of 4.5 km/hr, respectively.
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Bernstein (&, #EEjOTTEMEBEITHIEZE GRARICB W TIRBEEiAILEICHZS) H
TOMOFRBR CEEEENIE Synergy) Z W THNAE RIZIC BV TIEELME
WKdHts) ZHEILTOWA T ERRBLTVS. EBIC, b hoBfi#pEic—5kIkicd
WEEDOENHBTEMNBREINTED (K21, TOHTHICELTWVARIESDXIINH
Fhice FWAIEEEHBEEZER L TOW AN EZRT & DTHS. Scholz & Schoner
% Bernstein OF5H U7z EBE 0 5 DX ICBT 5 €Y — RICiEH U, Uncontrolled
Manifold (UCM) ODRESEZHREZL TS, 2L T, LDk 5 BIlEAHIEERNEHNE
IR LTEDLSBWVHEELTWDE (U FV—DMFEET B) ObhzwdalbtdsFEeE LT
UCM fEHi 2424 L7z [10]. UCM & IZTTRICIEET 2 HlHZ R 2 X 73ZK &0 S R
TTlE3 22T, FIZRX, RKICHTHhOH 2B TREZBICH L Th 5L
BICBL T LWEETH- LT 5. ZOMERGRZFEHT 2 HEHAEOHAGDEMN
TE% 24K (UCM) _Lic—SmoOBEifA 54 L T0iud, —SmIciRBAE®E-Th
MERSKRBHEZEH LUZEEE Y - V—Iic X > TREMEDX S DX EIMA 5N T,
HEEAB. AT T, b EBNOEER EICEWT, b ~OEEHIEE Z O UCM
FEERT B XL —)TUCM L TOEOESDEIEIHIEEIAT ST LIk
DIEHBEZREH UICEHNFHEN TV S LB I N TWVS [10][22][23].

UCM AT Cld, #EEIR U2 A7 24 0 IR TIRACAE U A HIEAR OIS D EICHER L
Ty Y—ZEmltLTWb. ZT T, R TEBITRICHE Cle—4 T & OIIBIETAH
BORSOEICHEH L TR ZEDS T Lz (K22). iy FY—ne oSBT
HDOEDKSIERA IV T TEDIIITEHEN TV AN ZIHNS T Lid, BTl E
PiRA Y R 2HEMNICT B ETOELRDRA L e iZ5E8DTHD, b hDITH BT
DFENRIS 2R T LN TE 5.



2.2 BTEHIERRICOWT

03 |

0

22 UCMICHEH LIRS DEDRS DT

Analysis of variance from the view point of the UCM. The axes show joint angles, the
closed circles show joint angles Oi(t) (i—=1,...,N)at a specific time in a walking cycle
of the i-th step, the open circle shows the average 8(¢) and the curved surface shows the
UCM on which the horizontal toe position X (¢) is constant. The projective lines, o'l and
o'+, show the parallel and orthogonal components of the deviation 6'(r) = 8'(r) — (1)
to the UCM, respectively. The former component does not affect the toe position but the
latter does.

FATHIZED 51X, & b OBFIC I % I O FIMEE IR HEE 3V F— 2K A
BEVIEKFICEIDFEMNCHITE R T EANREBEIN TS [24]. LAL, Kk b
IS TR L TH B & ZFDBTINEII I —E T, S5 DENEL
T3 (K2.1). 22T, AEITIEE FOBITICHET 2 HOFEHENBIEHETDH D,
ZOHEHEAZERT % X S HBEHAZEE ST TV S EEZ, SFAiuE ORI A E
NEEE T EHETH D, BITHDOUCMICH =5 e IadT T L & Uiz, AE TR
WSS % B DIKCEALE & ShENME (FE) KRUORBIEICHS % B/EE DK &
SRR o7 72 T % B > ) 2 — ST H D & DRI BV TV 2 72 1T fE 72
RY.

2.2 HITEHAIEERICDOWNT

2.2.1 #EREICOWVWT

BATOFEFIFHIEERICIE, HERRRTCHBEREERICETZHEDRWEFEREL T4
PEIN LT, R ICiE, EHIERETIIC A Y T+ — LR a2y Yy FREML, FHINAIC
DVWTAADNSDTHEZRZ. TDEE, EEOHMICOWTIEZ TV, AW T
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2.3 Biratilloker.

&, FHIL7HESRE DS B, EEEZTTS 6 e (B3 %, M3 4, Fim21.2+1.2
W, B 16648 cm, {AHE 55.7+4.8 kg) KD\ T UCM @i 21775 - 7z.

2.2.2 HITEHAIICDOWT

HelaE DA OR, B, BROSHEMEKCHELPREOE (AT TIEdkeE
) ERH=Y—h—Z L D, WEHEMN L v K3l (SPOTRS ART 1250N, SPORTS
ART INDUSTRIAL CO., LTD) k- THiz#% < fHA IR THITS Sk 2Et— 3 v F v
TFx AT L (OCEbHb SP200, T4 7FVE) ZHWWT 200 fps THE Lz (X
2.3) . BATiEE 3.0, 4.5, 6.0km/hr D 3T TH 5.

9, FLv RV ETOBITICENS ETEEEICOWTAEL LE 1 2T DET
ZiT5 KO WEREICH R LT, ZD1%, FHEEICDWT 5 OB TORMIC 14 IO
B2 3 [ElfT75 o 2. BATEE DM HEEREFFIC T > X LICEGE Uz, B R USSR IC
BWT, SITEE N OREEBBO 2 1 2 2 73 WHRE I3 A B o Tz, BiGT— 2130
WAL 6 Hz D 6 RDINZ—T—A T 4 VRICE D> TAL—=Y VT E{To Tz
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Three-link leg model. A leg is modeled as a simple three-link system that moves in a
vertical plane. 0y, 6,, and 65 are the thigh, shank, and foot elevation angles, respectively.

2.3 MBEERYF I —Df#ER
2.3.1 UnControlled Manifold Analysis (UCM fi##f)

T T TIEAMZETHW I BRI FiEZ 30T 5. fFTC W TSRS Oz K
RN T < Hiflizs 31T 3 U > IR AE L (M2.4) . SHbRET - BRI DOV TH
BATHEEFIC N =25 B OBFIAET — 220U L, 71 A THBRIC XD RO HEl &
[Fl R feS DBt 2 HE S % T & T, VI, T e, 2 LT, S, @ N
ZRUCOWTZ DM LU TiEbZ o7z, i%5H (=1,2,--- ,N) OIEH{L L 7zR
IV BRI ER 0'(1) = (01(1),05(1), 04(r)), T DVHMEE B(t) = (61(1),6(1), B5(1))
XTI (K24). TTTEEHD 1 15 3D MIEHRFIZNTNR, K, BRBEHIZET.

IRBAETZ R L g B LR FRDIKTALE X IFXKXTEA SN 5.

X(0(t))=L;sin(0;(¢))+Lysin(0(¢))+L3sin(65(z)). 2.1)
TTT, Li,Ly, L3 BZTNZTNHIRSO LI, T, MO LRE 2R WD
AR R E 0 & S I DG ex (1), DB X(B(1) +ex (1) = X(8(1)) ZHiT
T ex BRATHABNS.

VoX(0(t))-€x(t) =0. (2.2)
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i1 7SR BT ey BEB A, JLAEOKTERLIEA—d A X (B(1)) I2 75 % S Hk{A,
bt UCM 2 XIS 5. HEHiAORE o'(1) = 0'(1) — (1) & ex DIES %M UCM I
B LI 6L (1) DRIEODKERIEIC I LRSS (UCM B2 TH D, UCM
IS B 6 (1) WRSEDKTERIICHEE 52 B REHKS (ORT [5) TH
(2.2). ORT HIDEEARY 1L &) = |§Z§ RS £, SERD 01(), o ()
ERATEZ BN,

{oéé(r) = (1(r) - &x (1)) Ex (1)

o) =oi(r)—oil().

2.3)

T, 1 HHEDHTZ DD UCM HEDHEOKEE 6,°(1) & ORT HADHEHOAE X
0, 2(t) BRDE S ICEHT 5.

%1 2.4)
o’() =5 Y loy ()

TTT, n NU dZZTNENHEETIHE, &T UCM Oz £d. mllisHiicd -
TERIICHT BTN EZZEZ 5 T LIIATRETH O, BEIAEIC DWW T EREERICH)
MY T ERIHICTRETH S. 22T, MEBERENRT UCM OXTHITHIC—ETH S &
HEL, n=3, d=2& LT

ol2(1) 7 0, 2() KO EEICAZITIUE, W4 1 IS BV TRINIE X DIE5DOX MR
LR FV—MMEEL TR E S22 5. CTOLE, X IZRMEEICHT % BhBEAEE
TOT, VBN T RAMEICH % BT DKL E 72 FHHi % B > o —
MMIETHE VA ST e TES. Eie, MEINYFY—DOREIZETIRIE Sy &
Robert 5 [AHRICRTERET % [25].

o0 -0’0 05

o () + o (1)
BEHIRT S 5 O — 2 HIE T 5 BHEIE F MEIC & > TReb iz, BAIICIE, 5, 2 D08
B 0 L ol BENEITH B LSRRI p = 0.05 THREIE N34 8LE (F fi)
Rz, KIS, o & o NTORHILE LS L 2D Sy Oz 2.5 REDRDB T
LT, MY Y- OEEOE R HIET B HEEE U, AR TIE, RIS
%RGEOEE Y ICHEH Lz UCM i 61755 72, $lsbb,

Y (0(r))= —Licos(0;(t))—Lpcos(62(r)) —Lzcos(03(1)) (2.6)

IR LT, JRAEDKTALE X (0(1)) OYE & MO TR 21T > 7o, & B, R
IS B R A DICTEIE Vi, J CHATERE Vy 1SS % UCM 1Tk B L7 i & 175 72
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2.1 FESCR, REAmMSRE, ERTEI ORI O T L 7 O R
The start time of the single support phase, the secoud double support phase and swing
phase of averege of six subjects and the standerd deviation.

BATHREE | RS | A S R HEREIHA
km/hr
3.0 162419% | 501+£1.6% | 67.0+1.9 %
4.5 138414 % | 50.6+12% | 64.4+1.8 %
6.0 115€1.2% | 504409 % | 61.6+1.6%
Ihbb,
Vx(e(l‘)) = —91 (t)L1 cos él (t) — éz(t)L2 cos éz(t) — 93 (l‘)L3 cos é3 (t), 2.7
Vy(0(1)) =61 (t)Lysin 0y (t) + 0, (¢) Ly sin By (¢) + 65(1) L3 sin B3(¢) (2.8)

IS U TRIERIE DY G L AROTE T 21T o 7c. UT TR, 28I T 5T Y,
X, Vy, Vx 2% T TENTNORNTHERTH % T L 2RT.

24 FEREER
b b DSITHICE < BAUEZRE T MRS 2 — DR

X 2.5H 5K 212 1CHE LT, Bl EmaRIcHE (A0 %) LTh 5 ZFRER
T, EHENC A D, UM (R4 100 %) 35 £ TORM (12 7E) TERILLE
B2 269, HERRRIE A SIS IS H 5], SR I0ImIR S HE 0], S o Biis 2. #iE
WEAR TR LT RERN D HEBRE 6 4 D FIMH LARMERE 2K 2.1 lRT . SITHE R (a) 3.0
km/hr, (b) 4.5 km/hr, (c) 6.0 km/hr Z7R LTV 5. [X2.5 DSERR, WL, SFRIEZNEFN
e, P, ERBAEAIE (6), 62, 63) O | HATAIHMORZ O PEAR A EZRT. %
fz, CTOMMBAFIAEN—HTLICEDISIUESDVTWVENERT 2BIC, JHEEREIC
DUV TR T AEHE (R 72 D RS B E T 5 — /N —TX L TW5. HIrHhoBEifAH
HEITIE— BT IRELDENH BT ENDNSE (K 2.5). K 2.5ICH 5B WERE D
JEE DSBS B et Z UCM & U TR F O — Dl 21775 > T b, K2.6
LR 2.7 EENEN, REEICHT 5RO EANMBOKFERS X(0(1) L#Eky (F
X) Y(0(r)) ZRETE 2B EOMHASDEE UCM & LGS0y > Y—0
KEZ Sx, Sy O Z, ThENSEBREFIC@ITERS. ALrY, ¥rr, K
f, R BREENZFNERE A0S DICHIET 5. KbhokiiRix, BRI -2 —HF
1E9 % & FIEIC K DHEUEE p < 0.05 THIE TE HEMEEZ/RT. AN TIE T OHUEE
TR F Y —OEBZHET 5. i+ —DREX Sy, Sy ZRDIZDTHDE

2.4.1
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K5 ol & o2 ZK A2 MBI ATIORLEE. K285 2.10 (a), (b) EFhFh
2.6 L 2.7 TRENTE Sy, Sy HOTEfHE ZDERERFAEZRLTNS. K28H15

N
Ezm&ﬂﬁ%ﬁﬁ%@%ﬁ%@@@ﬁﬁ%¢%ZNWM—GWW%ﬁb,@Hﬁ%
i—1

I2Te o T2 DT L KRS ORI 2ok Tk e 5. & BRSO
F I —DKEZONR TN S F P —DRKE S 2T B DI ORI DD E KDY
cl?, o DfEdfEE (KA2HHSK AT IRLE. K211 I3 &8RS ORI
% RSEDKENE R, 25 HHORKMEE RIMEDZZ BME X & UTEXUE LIzED
PR HAEZR KT, Fho, TOREDACHIED HTLICED XS IEEDNTW
BHEIRT TS, SHWHRE IOV TR FAZHE(R 2 O e E % TS5 —/\—T
ZLTWVA. X212 FBWBRE OHNEEER TOREDE S &, 25 HBHOBmALHE & /)
HOER PN E & UTIEIOTE L, R#REIIC Tz o TE O & RHER & ORER
R RDIAEREET.

BT 2 Am L CHEEIR Y Y —DAREE Sy, Sy OB ZRZ & (K 2.8
5K 2.10), WINOBITHEIC BN TERL 30 % Hh5 80 % DL Sy, Sy D—HEL
FFTADEVHEICE > TWA. TOHMIZBEHIIMEOIE S DENKELEZRHATH 5
A (K28 M5K 2.10 (¢), BT F Y —0fllE T fehiE > REIFINLE N\ DN
WMAENTVWAET R TZORERIIRLTVS., TOREE 5 —HOINIFRZ] 80 % /5 100
%, 0% H5 30 % ICHIST A, T ORI S F Y —REohboic, iEod
EOEIINEY (K28 MBK2.10). Tixb BB EIARIKICHE > T/ OHED I
5OFIINEL, &5 HOMNCIZEEHR > V=M< T & THZRBOFRH N TN T
WA T EICKRD. LR TR S P — OB RHER 2 & 0 FEICHI L Tl

B 45 % D5 50 % FHED R R ZFHHBIIC IO T, RIAICHT 2 BB O 7k A7
Z g 2R Y — Sy 3@ <AD (K28 5K 2.10 (), #ERE 6 AT
W 3.0 km/hr, 4.5 km/hr Ti& 5 %, 6.0 km/hr TIZEHERS CHAEZRIZ 5. £z,
FRBEHETI O & 2 S 2 MRS 7V — Sy BT OHRIMEDRE CERTEEE)
B EMBE (K 2.12) IChikfEz L D, TORLKSRE CREERZHBLZS (K28H 5
X 2.10 (b)) . TOWK, &5 —FONIHEIIF ORI 95 % 05 100 % ORiAICHRD H L
TREFERTHHHICH =% (K2.11). TDOEE, S, Sy DEREVINE/NTVH (X
28 M5 2.10 (a), (b)), —/4 CHEIAEDRXSDEIGEMAOH TN WMEE >
T3 (K28 5K 2.10 (). HRAEMNES BEHcHBWTIE, wiFIciRo Lz
TRUEHLEM (K2.11) 5221k D, BHITOLEZRNS T NN L DO D
FBRTREINTWVD [26], [27]. TORFHHICBEWTE MIHOFIERLZITS 120 Tk <,
B S HZRBAD—S e DIXS5DOERMZ % L LI, Y TIXBIEIRm >+ —
WK OB DN E, FFICE S 2T 5 T & THRIMDRICZ I AHBOX S5O 22
TW5bEEZBNS.

Wi 50 % 5 65 % (SHEDBIAEMISIRIMCER T % &, BAeicxtd 5 EfiommE
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% WS % B > ¥ — Sy (ZHHSHFH ORI IZ R HERS ALETZ RIZ, 20
%EIFFeEE CHTEE 6.0 km/hr T 3 %%ZFR<) NEEEZHEZ TVWS (X238 5K
2.10 (b). BAEICHd % BB /KFEALE 2 RS 2 BRI S 2 — Sy i3, BEehwd
BAICH AR (K 21D iIcmkiEze o (K28 5K 2.10 (a)), ZDOBEHEICIZHER
#H 6 ANHT#E 3.0 km/hr TlX 4 %, 4.5km/hr, 6.0 km/hr TldEHERE THEEZ B
Z%. TOMEICBNTE 5 —HOMINE, K0 % 15 15 % (a0 wi il S RHRIC 5
2o, HHHFINN S5 &R E Sy, Sy ARz E2H (K 2.8 5K 2.10 (), (b)),
HREEIAEDOIX S DX /NI (K28 MHX 2.10 () . @D FEH L T2 WISz RE
ST IS X > TR ZHEBICHIL THEIZRY, BTORENEFED B DI R#ENLE
OFEZITS FTEELMATHS. TOL THMBEKROBERAL S5O %
MZ%—75C, HHTOMIBEEIR > F Y —ZiEHAT 5 & T, il cpdamic RN
EAFEL TS T e EZ EORERITRLTVS.

K5 65 % 5 90 % (HEDWEMINC BT, JRBMEITHTT B SOk i 72 i
I BTV — Sy BIRWMEZ L 5D (X 2.8 h5X 2.10 (2), BIEDEE 2
ZBEIR S F P — Sy 3R 6 AN T3 E 3.0 km/hr, 4.5 km/hr TIE2#ER#, 6.0
km/hr Tl3 4 HTHEEZBAZ THO (K28 5K 2.10 (b)), R, BIEDIRD i F
I RSEDIRICEE3ED < Minimum Toe Clearance (MTC) OB (B4l 80% {+13E) 1L
T (K2.12), Sy BWINOBTHEETEMAEZE>TWVS (K28 105K 2.10 (b).
T ORHIC BV THEETAZEDOR S DX IIBITEBT TRICKEWEE 550 (K 2.8 »
5K 2.10 (), RO ENDZBIMEIN S F T —TMASNTNE T Lidixs. T
D MTC OBRENIFRICEIRE TEDOE T ENELRTV T EAME SN TS [28]. o
Ry FEBFTZEICE, SHEIFHC RO ISR LRV X S ICEnciRD < T &1, #E
WX I50DEERERA VD1 DThHD. COLE, XHHTHSES —~HOHM
(B4 30% {138) CIRBEEAEORXSDEII/NE < (K28 15K 2.10 (¢), AREEHIC
WS % RO E T B MEIE S ;Y — Sy EmWEE L D, W 6 A TEE
3.0km/hr T 5%, 4.5km/hr TW& 5%, 6.0 km/hr TIEEHERS CHHEIZBIZ 5 (K
28 M5K 2.10 (b)). FabHB MTC OBFEICHENT, VI TRERERADESDEEMZ
%L L BICHEIY Y-S HOTRESOE T DX 5D E 2 A, Bl < BIfR >
F U= XD BEDEE 2T ST & Tl THANCOF T E 2L TV05E EEZ
5N5.

242 REREZREHYT SHBEEHED Y — 0%

[ 2.13 DFERR, fhR, SRR ThZNR, K, EBEAEE (61, 6, 63) O 1 517EH
HHORFEZAL DL HBRETA 2R T, X 2.14, X215 3RBIEIC T 2 B3 DK

TR X(0(1)) ERNEMRS (B Y(0(r)) ZEBTE 5Bl fEOMAREDEE UCM
L LB EBOMR Y FY—DREE Sy, Sy, OFMHERE, Zh PN mEIc@
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MTERS. Aoy, Ery, K, K, RIEZNZTHERST A DS DICHIET 5. K
FROREBHRIE, FREICX OS> —DFEET % EHRNKE p <0.05 THETES
HHEEA RS, BIFiM Y Y — O, X 2.13 130 % S O 5E 7 5285
T EMEMOHAREDEZ UCM & LTiTA->TW5. LI, BEif#EIC DOV T UCM
21T, e NMEIM S F I —DREEE Sy, Sy, &XT. 2.16 ™5 [X 2.18
@, ) FZhZTNX2.14, K 2.151CE LS IHREOSETAEED Y FV—DkE
E Svy, Sy, OV & EHERZZORFRIHERE 2R L, (o) (&S B OB 8T DR
RA%RD, WG DT> TTOVIIE L AEE A DR R 2RO 7R 2K T .

Bl 14 % P BEEL 45 % DR ESZHHRIC BT, IRBIEDEE DO/ D—HT L D
HEDXEDEZMA BHHIM S T 2 — Sy, BEHREICE O TRIEHEICZ OEN R
HzHA% (K216 5K 2.18 (). WRBIEHHEEDOIERTICBIT 5 Sy, 13T ORFIE
HEEE-Z 52 23a0 (K216 15X 2.18 (b). Sy, NEAEEEBZ 2D MLy R
SV ET—E DML THITY % I DI OIRBIEHEIE DOCER DS N T LV 3
LEZHND. TORE, &5 —FOMNIREL] 64 % 5 95 % DEIAICH T2 5. HERHIA
BHGRDERL 64 % h HEEZ 80 % DRIEAFNCHRD H UREDOmE & MEREKL %5
MTC) £T (K211 &, Sy, F2HEHETZOMENEREEZBEAS (K 2.16 MP5X
2.18 (). —/, Sy, FHEWEZ L% (K216 "5X 2.18 (b)). ZTD, WLl 80% h
S5 95% F T Sy, XKL 723D, Sy, O T ORI EEZEBEZ I CHS (K 2.16
5218 (b). Sy, DIENHAIEZ & 5 H%] 80% f13rid MTC DRHIcH 720, ZD
fitild 2173405 3.0 km/hr, 4.5 km/hr C 5%, 6.0 km /hr T 4 ZAUE AR 5 (X 2.16
MHK 218 (b). DX D, WEMHIBHAOBE D 72 U5 RS & IROEEEENED < MTC DRf
S E TEEE DR DR S Y —Ic K> THEI SN TE O, MTC OBRRICiZE
PEEE DIRE R DRI > F Y —Ic K o THEi SN TV 5.

KA 45 % > IR 50 % D F RS FHEADKIH, Sy, OEIFFIEHiE &<, 2WEIcE
WTHMEEZBA £ THS (K2.16 MBK 2.18 (b)). Sy, ICDWTIE, SATHE 3.0
km/hr, 4.5 km/hr IZB W TG Z OfHIZEEZ /2 2 (K 2.16, B 2.17 (). LAL,
ST 4.5 km/hr ICEBWT Sy, DEFEFLTHED (X2.17 (@), S48 6.0 km/hr
TIEEWERE TR 50 % £ TICZDMENEEMEZ FR5 (K218 (). TORE, &5
— 77 DBEMIREA 95 % M BIEL 100 % OWEMEADKIAICH 5. TDEZ, Sy, Sy,
ICZOMEIFHEMT S (K216 5K 2.18 (a) (b)). EHHIOBER (F%I 100%) O Sy, I
HEHT % &, BIH#EE 3.0 km/hr, 4.5 km/hr TIEX2WERE T, BIH#EE 6.0 km/hr TS5 %
HRMEEZEZ 25 (K 2.16 MEK 2.18 (). Sy, WDWTIE, BT 3.0 km/hr, 4.5
km/hr TR EHERZ T, SITHUE 6.0 km/hr T 5 AASEEZBIZ 5 (K 2.16 DX 2.18
(b)), NS B 2 I OMEE DHIFEA ST O EITHE IR T & WEERIN T [27] 0,
Ry FEERICK DRENTV S [26]. UCM T OFEFIE, b MRS, BITORE
(LD 7= I SR JEEE OFE &2 BEi > F O —ZEH L THa>TWVWA T AR LTWVA.
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K% 0 % D SIEZ 5 % (DI & O, LRSEDRICHET 2RIk
T, Svy, Sy, HICRBITHE, 2WRBTICBWCZOEGAREHEEZRZS (K2.16 15
B2.18 (a) (b)). TOREE S ~FHDMNE, RS0 % W5 55 % (HETHY, Sy, 3447
P 3.0 km/hr T3 ADEMEMEBZ Z20HTHS (K216 »BX2.18 (a)). —75, Sy,
ERBITEE, SRS THEEEZEZ S (K2.16 05 2.18 (b)), %, Wil
HHE OFRE R Z HEi S % T L3, HHPEOHRICHIL T—EOBETHT2MT 5 L
THETHS. e, EAMMOMTEOBI)ZTT S mESZHHINC B0 TIRIMELIE O
W D—HT DX SDENDENT LI, BITAMOLERICENS EEZENS.

KA 5 % D5 14 % ICBNT, Sy, Sy, & BICHYEEZ FE% (M 2.16 51X 2.18 (a)
(b). TORE, &5 —FH ORI S5 % D 64 % 1BHT=D, Sy, Sy, TLICHUEHEA
Z2% (K216 5K 2.18 (a) (b)). NS A > B lHmi NS FEAC 3o\ T IR BE EHE D
BT DRSDENDEL, KK 64 % OBFHFIARHT IS THE 3.0 km/hr T 5 4,
AT 4.5 km/hr Tl& 4 03 Sy, Sy, FITHHETZHAZ 2 (K 2.16, K2.17 (2) (b).
BATHE 6.0 km/hr TIE 5 D] 64 % T Sy, OENERMEHEZEZ (K 2.18 (@), Sy
DEPHAEEZHEZ 2D 1 HOATHS (K218 (b). HEHENMHE =3 VF—%
DiETHXIFEEINTND T ENATHRICK OIS DICZ> TS [24]. {HET X
JVF— DB IS T, TEHIBIGARIC IV T2 OB TSI A - 78S TR R D
EICehEETHE L EZONS. T L TTORE ML, Bl FY—EEHTSC
CICE->THO ML OHEEZFHIL TVWE EWVZ 5.

2.4.3 k bOHTICHETBHITREICK BHIEEHREY 7T —-DEL

HIETCIEANTBIEIE > F O — ORI THEIC K S A0 EDTHH (X 2.8~X 2.10
(@, (b)), 2.8~ 2.10 (c) T/REN%EAEIAEDDEOREREIHER ORET & BT E
KEBTREUTWVS. AT, BTN FI—hiilas 2427, Ml
F ¥ — L IZRB ORI THEIC X BB VDD B0 E 5% OHEBEKETZENENRE
L.

BSR4 50 % () 1B 2 Sy DMKICZR SR (K 2.19 (@) KD
TR H Z TR > Tz T A, MIFHRE —0.748, IREFRE 0.560 £750, FREICKD
ERADOHRIENHRE NI, e, BIEGEESCRE (KK 55 % 143iE) TO Sy Ok
IR BRER (K219 (b)) ICDWTEEIRIZTTR>7z e T A, EefRE —0.767, *
EARE0.588 £75 D, FRUZICEK D X 2R E NIz, 34bb, %NS
FFHIC BT 2B Y —DE— RN THE L L EICRL G > TVWEH E VA 5.
T O Sy DMRIC R 5 ARG, BRBIENCH S 2 BefiE R E %I 2RKIICh
MITHAT LT, SHTRERIC 2 A (ERZTT A o e L THARREANRD LN DI
BITHE 6.0 km/hr DA TH O, TOHBEEWEDAEX 2.19£1.07 % L/NE ot #%
S R SRR O B R TR > Y — sk < @ < T &1E, & 5 — T OO E D
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E5DEZMAZ7HICE, WESTHIIFIC RO 2 i % eI AR i< B
FRENE S 75 &, R OEBN R R0, X, msSROMBNEL E 57
ICBHEI S P — D < 20 2 2 T Z L LT L T L TERBADHREIDT-H DR 2R
LTV AREEDH %, e, BIMRBERITIC B XA IV T T Sy lKICES T &
&, BORTY TR #ROIE) OESDEZMAS T LICEHFETHLEEALNS.
B (BF%1 80 % f430) 11T % Sy DRI ZE4] (1K 2.19 (0)) 1DV T E Al
IHATIE S T2R, F RIS & O IO EEDHER S NS, BITleic X578
BN EMHERRES N, DD, EHh ORI S F P — Sy D5 < ) < RN I3 TR
FEIC K B3R, 2D Sy ORISR B4 & MTC DRSOV TEH I 2 15
KUBEZITR S TR, EOMTHEEICBVWTEmFICARERZRWREI NG, §
Bpb, BEDEHEDESDEZMA ZHERH S F V-3 DX T E 2 L TR HEE R
BAIVITTE—VEZ LD X DICHITENTVS T L2 TORMRITRET 5.

25 &

AREITIE, © RENSRE UBEERY F -0 KA HToavEREIT A LR
ERIC IBIERIC o g DR FEDIKEALE fe Ut & 72 T % B > F O — e N2 b
ITHRICED LS ITEN TV E D ZHN, LITORRZG. TORSE, DTCEFENS
KB FWMTERS TVABITOIYNHEREIN. B, HrEMHERch - T,
BAEIHGE O 5D & MWK E VIR IE BT > 2 — Ml < T & TRILPOIRBEEIN E DX
5OEMNZS. B, BITHODEFTENELRT UV MTC OBFHIIC BT, b
fNCIZ e @ E R U IR el S OFRIE R 7 2 3R T 9 2 BEH & O —Zas < @hE 5. 1k
WML Z VAT BEIAE SIS DEIINEL, D, REIEIOE X 2R
A S V2T 5. ChUCKD, WITIHANICEEDE T DX 5D EZ
ZATCAHTELTOETEREFL VR EEZONS. B, WIS L Ol
ZBDIES5DOEMNZ 5N, BAEEIIHEESE S F Y —Ilc K> THEETNhTWS. —7,
ST > F Y —IC & o TR OZRAE WHIT 5. O XD i, Ry
W2 BHERZDEXEDEZMA ST L THRAEDEEICEHES LTS EEZLNTY
. HIC, mESCFHRICBWLTIE, BEEZROMTIEMZEZE O BT DIE 5D EIE/N
L, EERTOM TIXBEI S > Y —E@he 5. U, T ORI TR A&
BMOEORETZITS T L THITORERZED TS EVES. L EDXIITBITHON
ODDRFEDRHHICRIIR > F D —hE TV B &S T &ild, BEBITERDT:
DITIEENERIRMAETINE 2 DK 5722 A 22T TONCHFiTREN LV S —FiD T
Vb FHICKDER L TWA T L ERET 5.
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The line, broken and chain lines show averege of hip, knee and ankle angle of six subjects
during walking of (a) 3.0 km/hr, (b) 4.5 km/hr and (c) 6.0 km /hr, respectively. The error
bar shows the inter-subject average of the S.D. of each subject. The horizontal axis shows
percent of the stride time. The vertical broken lines show the start of the single support
phase, second double support phase, and swing phase, respectively, from the left to the
right (See table. 2.1).
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Degree of Joint Synergy
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X 2.6 IREEHICHNT 2L DKEMEOE DS DEZIZ B> Fo—DREX
Sy DRFHHERS.

The degree of joint synergy Sy of six subjects when the UCM is defined as the plane
on which the horizontal toe position X is constant. (a), (b), and (c) show the results of
the walking speed 3.0, 4.5 and 6.0 km/hr, respectively. The colored lines show subject
A (orange), subject B (pink), subject C (aqua), subject D (red), subject E (green) and
subject F (blue), respectively. The horizontal broken line shows the level above which the
existence of the joint synergy is suggested by the F-test (p < 0.05). The meaning of the
horizontal axis, horizontal broken line and vertical broken lines are the same as those in
Fig. 2.5.
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DRFHER.

The degree of joint synergy Sy of six subjects when the UCM is defined as the plane on
which the vertical toe position Y is constant. (a), (b), and (c) show the results of the walking
speed 3.0, 4.5 and 6.0 km/hr, respectively. The meaning of the colored lines, horizontal
axis, horizontal broken line and vertical broken lines are the same as those in Fig. 2.6.



22 H2E BHER ST —OREICK S FOBITOIY DFER

I T "
I ! I
_ : | :
(DX I I I
| |
> 05t ! 1 | 1
> | ‘ [
®  f----- == i R 1 et - -
AT R
— 1 ! :
c 0 1 !
5 ! ! i
2 ! w |
o 1 } |
3 | w |
) | |
5 -05 ! ! !
@ I ! I
o | ! |
| |
I ! I
I ! I
L |

(@)

0.51

Degree of Joint Synergy (S, )

Percent of Stride [%]

(b)
0.2 = - =
I | I
| |
I } I
= ! | !
80.15 : ! :
[ I | I
=y I | I
c |
< 0.1 ! l n
£ ‘
3 | )\ H
k] } I
0 0.05 \ | | I
%) i I 1 |
| |
|
I } I
0 n L n n n n 1. n n
0O 10 20 30 40 50 60 70 80 90 100

Percent of Stride [%]
(©

2.8 BT 3.0 km/hr TORFIMYF—DOREE. (@ Sx, (b) Sy DFEEE
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Bl L FERE.

The average of degree of joint synergy Sx and Sy of six subjects when the UCM is defined
as the plane on which the (a) horizontal and (b) vertical toe position, X, Y, are constant
(average=£S.D.), respectively. (c) shows the standard deviation of joint angles. The walk-
ing speed was 3.0 km/hr. The meaning of the colored lines, horizontal axis, horizontal
broken line and vertical broken lines are the same as those in Fig. 2.6.
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The average of degree of joint synergy Sx and Sy of six subjects when the UCM is defined
as the plane on which the (a) horizontal and (b) vertical toe position, X, Y, are constant
(average=S.D.), respectively. (c) shows the standard deviation of joint angles. The walk-
ing speed was 4.5 km/hr. The meaning of the colored lines, horizontal axis, horizontal
broken line and vertical broken lines are the same as those in Fig. 2.6.
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The average of degree of joint synergy Sx and Sy of six subjects when the UCM is defined
as the plane on which the (a) horizontal and (b) vertical toe position, X, Y, are constant
(average+S.D.), respectively. (c) shows the standard deviation of joint angles. The walk-
ing speed was 6.0 km/hr. The meaning of the colored lines, horizontal axis, horizontal
broken line and vertical broken lines are the same as those in Fig. 2.6.
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The horizontal toe position relative to the hip position of six subjects during walking of (a)
3.0, (b) 4.5 and (c) 6.0 km/hr. The difference between the maximum and minimum toe
position was defined as the unit length. The error bar shows the inter-subject average of

the S.D. of each subject. The meaning of the vertical lines are the same as those in Fig.
2.5.
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The toe height of six subjects during walking of (a) 3.0, (b) 4.5 and (c) 6.0 km/hr. The
difference between the maximum and minimum toe height was defined as the unit height.
The meaning of the vertical lines are the same as those in Fig. 2.5.
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The line, broken and chain lines show averege of hip, knee and ankle angular velocity of six
subjects during walking of (a) 3.0 km/hr, (b) 4.5 km/hr and (c) 6.0 km /hr, respectively.
The error bar shows the inter-subject average of the S.D. of each subject. The horizontal
axis shows percent of the stride time. The vertical broken lines show the start of the single
support phase, second double support phase, and swing phase, respectively, from the left
to the right (See table. 2.1).
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The degree of joint synergy Sy, of six subjects when the UCM is defined as the plane
on which the horizontal toe velocity Vy is constant. (a), (b), and (c) show the results of
the walking speed 3.0, 4.5 and 6.0 km/hr, respectively. The colored lines show subject
A (orange), subject B (pink), subject C (aqua), subject D (red), subject E (green) and
subject F (blue), respectively. The horizontal broken line shows the level above which the
existence of the joint synergy is suggested by the F-test (p < 0.05). The meaning of the
horizontal axis, horizontal broken line and vertical broken lines are the same as those in
Fig. 2.13.
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X Sy, DRHLIHER.

The degree of joint synergy Sy, of six subjects when the UCM is defined as the plane
on which the vertical toe velocity Vy is constant. (a), (b), and (c) show the results of the
walking speed 3.0, 4.5 and 6.0 km/hr, respectively. The meaning of the colored lines,
horizontal axis, horizontal broken line and vertical broken lines are the same as those in
Fig. 2.14.
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X2.16 BI18E 3.0 km/hr TORBENC NS % RITHREDIX 5D E 2 A % F#iH >
FI—DOREE. a) Sy, (b) Sy, DTIHE L EHERARORHEB R T, (o) SHEE
oD AP 17 1 P ODREHE(R 72 S N 9 B AR T T M & B R 2.

The degree of joint synergy Sy, and Sy, of six subjects when the UCM is defined as the
plane on which (a) the horizontal and (b) vertical toe velocity, Vx and Vy, are constant
(average=£S.D.), respectively. (c) shows the standard deviation of joint angular velocity.
The walking speed was 3.0 km/hr. The meaning of the horizontal, horizontal broken line,
vertical broken lines are the same as those in Fig. 2.14.
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The degree of joint synergy Sy, and Sy, of six subjects when the UCM is defined as the
plane on which (a) the horizontal and (b) vertical toe velocity, Vx and Vy, are constant
(average£S.D.), respectively. (c) shows the standard deviation of joint angular velocity.
The walking speed was 4.5 km/hr. The meaning of the horizontal, horizontal broken line,

vertical broken lines are the same as those in Fig. 2.14.
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218 BT#EE 6.0 km/hr TOMRBIENC NG % EIHREDIE 5 DX 2 A 5 RIRAR >
FI—DOREE. a) Sy, (b) Sy, DTIE L EHERARORHEB R T, (o) SHEE
oD AP 17 2 P ODREHE(R 22 S 9 B AR T T & R R 7.

The degree of joint synergy Sy, and Sy, of six subjects when the UCM is defined as the
plane on which (a) the horizontal and (b) vertical toe velocity, Vx and Vy, are constant
(average=£S.D.), respectively. (c) shows the standard deviation of joint angular velocity.
The walking speed was 6.0 km/hr. The meaning of the horizontal, horizontal broken line,
vertical broken lines are the same as those in Fig. 2.14.
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2,19 BITORKHIaOMILIC L BZE () THINICHT 5 Sy OMKIC R B4,
(b) STHWNCH1T B Sy DRKIC 7R B4 (D) L IRBIENCT§ 2 I ek P (K
2.11) OFNEEZ FERD, (o SERINC B 2 Sy OMKIC R 3R] (G4 & MTC O
REA D (R & FNFNOEHHE2EZ/RT. The time of the local maximum of
(a) Sy in stance phase, (b) Sy (solid line) and the minimum horizontal toe position relative
to the hip position (broken line) and (c) Sy (solid line) in swing phase and the time of MTC
and each the standard deviation (broken line), respectively.
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AEAFHNCIIPUENE T 5 =R PIVIDMERINICIER T 5 BT 2 bIic K D BED ™
EAFICHIS Lz & R OFHEIC 72 2 TERBEDIHSE T IV & & B Z Te5E S FIIRANFA D5y
BFTITbN T35 [15][29]. U, =R PO E@BfTe e hoBfTRtiksT 5 &
T, WEASROMERZ RN T EBITHREIC 5 X BB R HRINICHAE L &5 L 358D
TH5. TOXIBEMRICHOCSENTVS =R PFIVO—EI, JEE L OFIE, 5 &EE R
TRBITEITI X2k ETINTH S, F LT, EWILHRESE T BHTDONL O
ORIE, EE L OFIBZZT TOEDWZ R PILO T EBTL D & & hOBFTORMIC
WL 5% T EDFATHIIRICK OBIS M > TWVD. FIZIE, ZRYIE B T2
M 2EETHED S FHENRONE KD ICko7/2 D, IRREESCHEEETZ X O RN
THITZITo120 T 5K 51275 [16][20][30]. LA L, ZDO—75TElE LDz 20
Fe =R PIVO TRBTIC BT 2 BETEH O AL FOEDERFALIKAS T L3k
V. Eiz, B FOBTTRONZENIRT AN ALK EDPEBEL Rz -oTwb Tk
MNRBENTWVS [17]. & "DMTS &9 BB ITORA AN = X L ENEEZ T - =K
VAT IR WIS IE TR DOENTZ TR, SATHEMHRRROE WA L TV
BZAREMELTRENT V. AWIRICHB W TR > T 2 — D b 5 4534 THIENIS 2 8 5
T, THIEHRRROENDEE T SR Z RS T 5 1Mz 5258 DTH 5.
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£3.1 ZEHRVYIEEKISTA—%

Body parameter of subjects of Japanese macaques.

ID | 5 (%] | K= [kg] | KB [m] | THE [m] | /2 [m]
KA 10 12.3 0.17 0.16 0.06
KU 8 9.2 0.17 0.18 0.08

3.2 ZHRVHFIVOZREFHITEHAIRERICDOWNT

ZARPIWOHBATHINT —RIDW TS, BRI AIREE (R D 5 Tt e
EVTnsg.

3.2.1 #HWEKICDOWT

WeBRAT D % =K W)V (Macaca fuscata) 1% KA, KU (ZAEZK 1 05 @70
AMZZF TVEESSTHO, by RV EZEDEL & EME 6 km/hr X TS T
TBHTENTES [31]. FNTHARNRTA—RIELI31ITRT.

3.2.2 ZRIHITFEHAIICDOWT

=R IV (Macaca fuscata) OO, W, R & U A E® DI (L
TTERELE)ICKHNY—A—ZML, Py FI)V ETOBRITORTZEHIIL
To. BATHEE 4 km/hr & L, #ZENA AE— K4 A S (HotShot 1280; Nac Image
Technology) 4 &7 AW T 125 frame/sec, > ¥ v Z—@#[E 1/250 sec Tz Z117% > 7
(K 3.1). BfFLEEY—HA—NiET— 21, 3 RICOMEET— 2L, JHEE R
12 Hz DIRREEE T 4 )V 7 ONZ—T—RT 4 )V ) ICK D AL—Y Y J 7T . AFFET
&, BUS U7 RBIG RIOBEETIE 7 — 2 IS DWW T 21775 o Tz

3.3 FEREER
3.3.1 ZHRVHFIVOZBEHTICH VT ZHEER I — i

3.3 MH X 3.6 IS BV THEBHR TR E Nz 2 R OB, Fre S HoR
ba, IR OBHAG, SO BHERRFZI O & Z ORHEf 2 2K 3.2 IR .
B 3.2 DFERR, W, BIEZNZNR, B, ERBIETAEO 1 B TR ORI ZE Lo
BaL zoERAZRT. K32 () & (b) EZENEFN=KVYILKA, KUDEDT
H5. BEE RIS RICEH B0 %) L Th B A D, HOREH &%) 100 %)
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X 3.1 ABTRHOREF
Metering experiment.

3.2 ISR, PSR, RIS R, SO BHARRZI DT & 2
DIFHE(RA

The stride time of the start of the single support phase, second double support phase and
swing phase of average and its standard deviation.

ID | Frescfiill | @ISRy | oty
KA | 146432 % | 494+£1.6% | 64.5£2.1 %
KU | 150420% | 51.0£15% | 64.74£3.6 %

5 ETORM (1B17EN) CIEMIELIIATH S, MBI BIEIC, e
W, ISR, SEEI O Z RS GEIEER 3.2). BT ok iz —5
TLIEDDENHZ T MDD (K3.2). K 32185 SHERAD - E AR
HI 2 2liiEz UCM & U TR Y — Dt ziTia->TWwW5. X33 &KX 3.4 10
ZNEN=FKYPIV KA, KU DBHFERTHD, (@ & (b)) EZENENRBEEICHT 5
RAEDICE R CREMBEOX 5D EZMZ BB F—DKEX Sy, Sy ORFHER
7, () (ZMIEELHTA EOSER A ORI HER 22 9. IO S, BIEiRS 2 —»
{AET % & F MUZIC & D A30KHE p < 0.05 THIETE 3 HUMERE RS, UF TR TOf
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(b)
3.2 [HiEifE 0y, 6, 03) OFIMHDRFIHER.

The line, broken and chain lines show averege of hip, knee and ankle angle of (a) KA and
(b) KU, respectively. The error bar shows the S.D. The vertical broken lines show the start
of the single support phase, second double support phase, and swing phase, respectively,
from the left to the right.

ROKHECRAFIM > Y —DEEEPHET . Rl CHEERIZX 32 (@, (b) LFEET
BB, M35 KM36FENTH, BIEOKEAE, RO S RTRBEDE S DR
HRZR g, Bl OCHERRIZXK 3.2 LA TH 5. BT OREIAEuEICIE T Lic
EEDENHBTENDNS (1K3.2). X3.21CBT &GRS O FEEEEN BT %
BeiEZ UCM & U CHEif > F Y — D211/ > T 5

X 3.3, 3.4 (a) ZH% &, KA & KU TIZESEICHT 2 IRBAET DKL B 7 il %
B S 2 — Sy DEMRHSYIMIC BV TEAZ D, KA TIZEHEM[EK D HIEv ol
U, KU TIEIZHHIIH & IRZ RN TREEEZBZ TWa. KU 3B TEIHEERICH
Teo THEHEDIX S5 DEMN KA KH/hEL (K33, 34 (0), THICTOMHIM T
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V— Sy DB EIC K > Tl s L BT OAGIE DKER T DIE S DENMZ BN TV S
(B3.5). KA® KU LE LT ZBBT2ITOD, IFFMOFIETENT D 2k THRE
52 &zl ORI RL TS,

PR ZHRATH 04 40 % (HEICBW TR CERHEBIED ML LA DIRD S M
(K 3.6), TORHHICEIEICHT 5 IBEEHIOE S 2T 2MHiM S -2 — Sy dvdn
DHERMATEMAMEZE S (K3.3, 3.4 (b). KL 40 % 15 50 % [T Tid KA Tl
B DX B DEND Z0MICHINT 55 (K3.3 (0)), Sy DI EMZ 2, ek
izes (K33 (b). —7, KUD Sy Ofild 43 % i ZFR 0 CHUEEEZ TR 50 (1K
3.4 (b)), BEIAEOIESDEIEIKA XDE/NEL (K34 (o), REFOHTO—HT
EDIEEDEL KA LH/NEW (K3.6). TORINCHEWTE 5 75 DI EIHFE I Oy
90 % 5 100 % 1CBHT=b, WIFNOWERMKTEBFAEDIL S DEMEDT HH (K
33, 34 (o), Sy EHEMEMAZHAL, MRWICEEEZEZS (K3.3, 34 (b).
T ORPIMCIT e RO FAEHERIN &L %% (K3.6). & FOfims CldEHIC
N, BEOED TALEORIEDEEDEXEDEMNEL L [32], DET EICKZEHNEE
TN ENHRETNT NS [33][34]. Fiz, HEHORRICHImN 52 2EEBIZNT VA
ZRATHERICKR S [21]. TORHAIC, =R YIVHZREE &g OV T & B >
V—ziERT AL LI, WHRITEMZRBDOESDEEMAZ T &, #icm» S 2
HOBEDESDEEMA BT LICOENS. TOT &I, DFET EDEHIFFOFLE D[]
BCHNTHS EEZBNS.

K] 50 % 2 5H) 60 % OIS HIITHICENT, KA TEBEifEO—-SHT L
DIESDEMEML TV BN (K33 (), BT FY— Sy & FBISCRAN 551 &
THRMEEZBEAZS (X 3.3 (b). KU DBHEiAED ST LDESDEICEEmMER SN
9 (K34 (), Sy FEMEMA FES (K 3.4 (b). WIC Sy (& KU DAMSEUEEZ - Z
TV (K34 (b). ZOEE, REHOKEAEDESDEIE KU DAED (K3.5), &
TDRXEDXIX KA DHFHNELE>TWVS (K3.6). &5 DM (B 0% Hh5H
10 % ORHHESZHR) BT E RIS, Sy i KA DIEH5>h (K 3.3, 3.4 (b)), Sx
X KU DIF5HEWEZ L% (K33, 34 (2). & FOBITICHBT 2SR L, B
HIBF O E B OINP B AR RO, WD 2D D N OLBAFEE 21T 5 L THEEIRE
HITH% [21]. TORIICET % =R V)L 2 (hOKIEEIRIE ZNZFN TR D, BER
YF VI & D KA TRIREFORE D, KU TS OK B OFEZ 3Tk -
T3 Z &zl EORRITTRT.

K] 60 % D5 90 % DI SR D% 5 WL IIC T TD Sy OHRICTHE
H9 % &, KA TREZI 83 % lc, KU TIZI 73 % IchiKfiiz & %. T Ol KU, KA
FHITRERIRD FAT@RFITHS (K 3.6). WA CIIBEHIER 2RO CREFiAEDOE
HOXIFEML TV DT (K 3.3, 34 (), EEHHRENKIESEEHLEDETED
VAT WNEL 5%, =RV RS —h— GERPEBE) DEICEVWEDNHD,
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T DJEREBARICHES U & 5 etz i 5 2 805 5. L7ehi>T, Ttk
2D FA IR D E E 2 S HEIRM S F U — 3, g OO & E2MIEd
BIDICHNTHBHLEEADNS.

3.3.2 b FEZRVYIVOERITFERODLLE

ARV E b MSHIE T B I S YO E LT, £ RN ORI 40
% 5 50 % (3T Sy BWAKEZ L 32 ERHITF5N5. TOMEH KA b RO Sy i
REEMIOEENMERZ LS (K3.3, 2.9 (b). TORHHIZ, RO DMAEE & %
RHTEHS (K3.6 (2). LE, REHNHBLESIZKETH -T2 L, N
IZ&D Sy WAL Ao T-nlEEE H%. KA DTz 25 B rrh OIEREEf . Ok
BRI % THEDAER A, Oppee = T — 01 + 6)) DIKAE & F/IMEIZZNZ 4 3.05 [rad]
& 1.67 [rad] THo D, B 40 % 15 50 % ORI E O (& 2.3440.06 [rad]
5 2.3740.11 [rad] (25 3 23 i MIEEER, 2 B3 JEdhEifEd) LML & - 7Kg
Tldah-o7z. e MBI 2 BEEE AL O © T ORIHIZMEL & o T2IREETIE AL,
JEEhEI T % [35]. DE D, T ORHHOKBIEETO/ M KA &b b TIERE 55
ENZNEDD, WINEREHIOS DX SO ZEHMY FY—IckoTHbT T L
T, BEucih WAL Z ZBROEIETEL TR EEILNS.

HERAIHRIT (B 70 % 5 80 % f43) DLz IRD FATHRHINICHE N T Sy Dk
st R PILE FORERTHS. TD Sy BMKICKRZHRLINIZ, M
BOTIEREZIICIR D B9 EHHNC B S & FRAV R & 35D < Minimum Toe Clearance
(MTC) DORZIEIFIEF—ET 5. —7, HEHPEIC MTC OB R WK 3Ly
T, 20RO FALOHRTEEEMBENEZHVEHETSHD (X3.3, 34 (), TDX
AT KA & KU TRELES. cOTehb, MTC ZAETHEUEDIERE, TDOX
A 2T TOREDEE 2T BIAEIN S Y —OiEINE, & AMELOMELCRENEL
e ZRRBTOTIDORIEEIE EEZ 5N 5.

EERHIRIH (BF% 90 % 75 100 %) I BV TIE =R 29IV TIXBIREIR > F ¥ — Sy Hik
HEHEZHERE U, BIRIMCHEME[EZRZ T35 (K33, 3.4 (b). chicxL Tk bk
D Sy (T DOBREHEZFRNTHEMEE X D &/ E W (K29 (b). & MIZOHMICE
Fee—ERITICIRD 7%, BIERULAENSEIZ TR T05. TOXIRFIERL
BT OREICEHET S T EPMESNTVEH [27][26], =K H)UIEHEHETNICIE T
DX G ERUIGAEL, EREFHICHSEoOV TN (X 3.6). T4hbb, kY
PIIBEFIE S F Y —Ic K> TREDE S 2R L aH 5 HFHICE 2R D FA L Titthd
TR b &I Bx % PR 2 & 5.

2ERDZR YLD S B KA OB FY—Icidt b & DFLEMN L O BRI
%. BIZIE, Sy DIEDOKEZZTIZ KA &b bTIEREZZ DD, B HHH TRAME
ZLBHRTHMTS (K33, 29 (@). —/, KUD Sy ERELI5 % 5 55 % (HEX T
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FIF—EOMETHRR L, ZhLNORMThE %% (K34 (@). £, e & KAD
Sy \d A B ZFHAE D SR £ CHEEE RS &<, R 40 % ke
80 % L CREAMEZ L % (3.3, 2.9 (b). —/5 KU O Sy MHEHE(EZ 2 THK(EZ
& % DOILEERYIAADE & ERRIETH S (K 3.4 (b). FilAmESEHANZIcBV T,
KA Lt hTIE Sy BWRMEERE RE S (X 3.3, 29 () HTH@ET SN, KU D Sy 13#%
HEZZRNTREEEZEAZ S (K34 (b). UEDXSIC, KA Lt ME, KUICHAN
TS U BEEDRmEDNT Y F 2 A B i > Y —2 KO EHT 58 E, K
A DN E 2 AR % B > O — DR IS R TR & B s TEIT WV .
Fiz, ZRVPIL2 ke FOMESE UT, %A@ < ik ) —he
F CRIFICHES BN TWA T ERBIFE5NS. =R PIVORMEIER e b & Bz Dil
HETZTENTET, BEHE L FOXSICTERIHET 5T &I TE%EW [16][30].
UL, SRV BT ORSEinT S FIMIC & > THEREHT, MEBAHT L & IchE
PICIEMN D T ENREEINTV A [16][30]. T 5IC, KA IE KU K0 &R, Ao
TIESSATHROREEAY & S ICHBMICILAD [31], ZOET KA XL D b MIEWSTE
T8> TW5. TOXDICBEFAEEMLEL T T eic kb, B EOREN TN
B0, HEMSF Y — 2GR URIENREIC Ao /e T e, v RRE LTS
TZER LTV ETHEHERERNTH> 2 EALNS.
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3.3 KA OZEBTHOMIEIN S Y —DREEX (@ Sx, (b) Sy kU () WKL
A £ ORSHE( 72 D REIRIHERS.

The degree of joint synergy, Sxy and Sy, of the subject KA. (a) and (b) show the results
when the UCMs are defined as the plane on which the horizontal and vertical position, X
and Y, are constant, respectively. (c) shows the standard deviation of joint angles. The
horizontal axis, vertical broken lines and horizontal broken line are the same as those in
Fig. 2.8.
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i ey JE DREAEN A2 DR FIAIHERS.

The degree of joint synergy, Sy and Sy, of the subject KU. (a) and (b) show the results
when the UCMs are defined as the plane on which the horizontal and vertical position, X
and Y, are constant, respectively. (c) shows the standard deviation of joint angles. The
horizontal axis shows the percent of the stride time. The horizontal axis, vertical broken

lines and horizontal broken line are the same as those in Fig. 2.8.
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3.5 IRBIEAICHTS 2 e DKFALE DR RHIHER .

The average trajectory of the horizontal toe position. Error bar shows the S.D. (a) and (b)
show the results of KA and KU, respectively. The horizontal axis shows the percent of the
stride time. The meaning of the broken vertical lines are the same as those in Fig. 2.8.
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3.6 KON SRRSO E ORI,

The averaged trajectory of the hip height (thick line) and toe height (broken line). Error
bar shows the S.D. (a) and (b) show results of KA and KU, respectively. The horizontal
axis shows the percent of the stride time. The meaning of the broken vertical lines are the
same as those in Fig. 2.8.
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3.4 FtL&

AHEITIE, =RV OBBITHOZEICEER S F =N EDK S IcENTV 3
M, b b & DOBITHIERIE OEN 2B R Uz, ZOREE, it e i icir
<7ED, DFFTEHRERT { /x5 RHICIE R EeDOE T DX 5 D& 24 2 % B
B Y=k et FOmGICBIEENE. UL, BEHSFI—< &1
VT DVTEZ R PILE B FTHEREZWV. b b TGN BIC MTC O]
WHO, TOERMICBWTIZBEDE S ZMZ AR Y —DMvTWn3. ZD%,
—HRRZIRD HIFT%5 [ ZR L THEZ1T 5 A, 051 &R URHRICIZ R SEAE O F R
2175 B S F U= T0Ry. 7, =RV T MTC OBt O
DEER LML, MRS F I —ZHOTREDE S ZHB L AL 5 B2
RO TALUTEMT 5. $abbili# CIXmBHpioORGIE\IEN" R x%. £z, ZhkY
YL OIS LN B < B S 7 P —13 & R OBEITEERT/NE W, I
BV TR FORBEEILAEMET 3, ZKRPILTRE FOXSIHET ST LI
TERV. 2L, R PILD S BHERA KA & KU I TR - BRI Z X 0 ifEd
HTENTE, EHEMICIZE b LS Y —D#RZRLIz. 97&bb, T
VARBEETRT B OILIRIC K > THRIAMEISFEH C ORI > F O — DR ZITA 5 X 51
T, TCKDLE LB THARRICE > T B A B NS.

ARWFETE, FHREEE & BRBEE O AEICE H U CRlifA > ) O — Dz
Tofz. B MCE& R YPIUCE IR IEB & DI LB AET 5. ZORIRIEH S
THRZZEDD, HITHOH O B UICHEERKEHZH > T3 [36][37]. LIeh->T, H
RHEEEICEH Lz b &R )V OBITHIEHIE DENZ, JEBEEBOHIHIENE DE
ZRBLTOWAAREMNE 5 5. AFIZE THERKICHW T2 2 (RO ZEY ) UIIRRIC Y — 152
MiffENs L z2ffinn %z, BREBOWERHNEITA A o feh, B Z STk
THFMY Y=o L TS0 ERS T Lk, LELlk BB aEid 3
T DOBTIRIG A D FCHEANETH S, Fie, AMETHNEITS e TER
RPIIE 2 RDRTHBH, TORBROBNETEH, ZRPFLE e hO @570
TR I E MDD B T E BEOVAIS TR D. e Llc B RE N2 R L
ZRYPIICEISR SN RBOZIE, FiRO X S ICHIEEIEDEEICERE TH o7&
Z6N%. TOXDELBOZE(L & HIEEREOZ LI EICHKELENSELL L TV o 1z
EEZHNDBM, FHCED X 3 BZH BB TOREWDN LICHER T - feh 7z MiEt
LTV TENGHOPETH 5.
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A BT, MBS ;Y —DOfEN 5, b b &R P00 R Tl
B OWT I AT >, £, H2|mICBWT, B0 & OB IR RN %
SRR & 5 E 72 i B i S =DM TV B D E RN, e OB TICE
FRBITOIY R LTERZIBNRZ. ZLC, L MRS EOEEMEDIXS DX
MEZVIFTR, MTC QBRSO ORI IS T E, DETEOMGIEREHERE S
72175 REHIC BRI O —ZERA L TWa T EBNHL MR o Tz, HBITHDWL L D
DREDBATORECER L& Z 5N 2 RENCBIFI > F ¥ — D BT b &0
c &3, BTEHEHDO DI AESRBEEN EZ ED XS B Z A IV 7 TOMNICHRETS
NENEWS OV 2L L FHICKDERLTVWAT L ZRBT 5. IHIC, §3
ETIE, RO THICE M BN S KD RIS =DM TV B h
AR, e b &SRV T EBTEIE O L OFE R AR L. BRRINICER Lz =0k
YN D T RBTICBW T S I T P —DIERADHERR S N2, B m T OB
> FI—DERD XA IV T RO DTTEDENND, b &R )V T
HISICITE DD S T R LTz, R YL 2 RO, b M BT nT Bz i
KK DEEL TWAEEDHNE MRV - —OEANR Nz, 2ol e
5, MEATEKOILIRA e R OFFDBITO Y OHEFHCH D > TWB T L 2R L.

AWFIC BN T, BREENCHT % EEDMEICER LT UCM @izt iiz-> 7. *a
DBERE RIS T, IRBIENCHT % R SeiE 2 Fik & /4 8 TRETT 2 iiEE s £
NTW3 [38]. b MOEAEICE FIRRICBIETC 2 & S DR B AR OO 1 /Y B B 7 il i A2
¥ TdH 5 & Ivanenko 53 HH47HOREIHGEDMHTIC K 0 FEERD T3 [39]. IREIEIC
X9 % R DACEALE & & E DX 5D E 2 iR 5B > F ¥ — B T ORE DM F
WCHREE DD 2 A 2 V7Tl T EZRTAMBDORIE, LidDFEATHIZE & IkkIC
IR 2 R ENBITIC B B EEREZHCH LT L RRAB LTV

JRFNIE 2R T TeDICAWZE THW TV S IEREIERD (X,Y) & Ivanenko 52T
% WFEAEZRIA (r,¢0) OBIRRIT (X(2),Y (7)) = (r(t)sing (1), —r(t)coso(2)) TH 5. 1272
U, ¢ IFShEMREBE r DT AL TS, BFEOZIIVNEL r(t) =ro+Ar(t) (o EEL,

47
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%«d)aﬁﬁz&ﬁf%,#o,E@ﬁb@ﬁ$éw(¢<1)%ﬁd,wm§®2m
L EOHEEmET 2 L, (X.Y) = (rd, — (ro+Ar) %5, $bb, (2.1) ROk
rop CEXMZZCENTES. COT D, fFfa ¢ ICEE LIZBSR ) Y—o0
UCM TSRS X RIS LT RER SR BIMICHE LS &b T b b, [Akk
I, WFEAZZIROBNE r ICEHE U NTRSRIE, Y BAEICTEE U7 ARG SR & a5
LWEDICES. LML, HITHOREMEORIEICENT, DETEEIHE, BEiikx
BEMTD TeDITIF DT FREEREETH S DT, ARHZETHO I HA B RE]
D PEERAX D WL TS XS ICBbNn 5.

AT THWTZ UCM fiitrld, DX 5 2B S Y — W EET 2 I BT 2 15 HIE
EZ2TN3ED, ZOEEANZZALCET2FENINDIEEGZATINEWV. LML, B R
DHBATORIHEIE Z RS 1T E SICBEIE S F =D ED X I B AN AL TEHEEINT
WAENEHIRT AT ELEETHS. B0 X5 ICEHRIOMEL 2R TS & N E#h
Wl < BRI S 2 —1F, 29 L EHREROUIIOAE R TR, R bl ¢k
SN2 B RO BMAYIFRGEIC K> TRESN TV AR EH 5. TEPHTHIcK S
VIal—va VEBRTIE, MTC OBREICELDE & Z2 i3 2 Bk > F o —h g
DR THEEREINE T IPME SN TS [40][41]. Fiz, HRERICK D EE NS BEHEIMN
VI V—=DIEKIC DOV TIE, HEENOMICETFESE LTV RN EES T LIS K > TERA A
ZALOVTHH LT R ERNH B EEZ 5.
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Al BEEIfAEDSE 6% OFREHERS.

The variance of joint angle 62 of six subjects. (a), (b), and (c) show the results of the
walking speed 3.0, 4.5 and 6.0km/hr, respectively. The colored lines show subject A
(orange), subject B (pink), subject C (aqua), subject D (red), sunject E (green) and subject
C (blue), respectively. The vertical broken lines show the start of the single support phase,
second double support phase, and swing phase, respectively (See table.2.1).
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A2 WEE A D ol?, o2 ORHE. FERIZEEMBOKERS (ox), HEE
EREDEE (oy) ICHT BMHTIER. SIT#EE LERD 5EIC 3.0km/hr, 4.5km/hr,

6.0km/hr.

The component of variance of ol (solid line) and 62 (dotted line) of subject A, respec-
tively. Walking speed was 3.0 km/hr in (a) and (b), 4.5 km/hr in (c) and (d), and 6.0

12

km/hr in (e) and (f), respectively. (a), (c) and (e) show the variances, o~ and o-2, when

the UCM is defined as the plane on which the horizontal toe position X is constant. (b), (d)

[

and (f) show the variances, oy~ and Gyu, when the UCM is defined as the plane on which

the vertical toe position Y is constant. The meaning of the horizontal axis and the vertical

lines are the same as those in Fig. A.1.
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The component of variance of ol? (solid line) and 62 (dotted line) of subject B, respec-

tively. The meaning of the figures, horizontal axis and the vertical lines are the same as

those in Fig. A.2.
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tively. The meaning of the figures, horizontal axis and the vertical lines are the same as

those in Fig. A.2.
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The component of variance of ol? (solid line) and 62 (dotted line) of subject D, respec-

tively. The meaning of the figures, horizontal axis and the vertical lines are the same as

those in Fig. A.2.
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